Abstract-Persons with severe chronic obstructive pulmonary disease (COPD) and similar levels of forced expiratory volume in 1 second (FEV 1 ), exercise capacity, and dyspnea have a wide range of health-related quality of life (HRQL). We identified the independent determinants of HRQL in persons with COPD. Comprehensive assessments of physiological, psychosocial, and clinical variables from the National Emphysema Treatment Trial were used. HRQL was assessed by the Medical Outcomes Study 36-Item Short Form Physical Component Summary (PCS) and Mental Component Summary (MCS) scores and the St. George's Respiratory Questionnaire total score (SGRQ-TS). In multivariate linear regression models, exercise capacity, dyspnea, age, single-breath diffusing capacity of the lung for carbon monoxide percent predicted, and self-report of being disabled were significant determinants of PCS score. Dyspnea, depression, antidepressant use, daytime sleepiness, and education were significant determinants of MCS score. Prior participation in pulmonary rehabilitation, supplemental oxygen use, and oral corticosteroid use were significant determinants of SGRQ-TS. Although FEV 1 , 6-minute walk test distance, and dyspnea significantly correlated with HRQL, their effects on HRQL were reduced when other variables were considered. Greater exercise capacity, prior participation in pulmonary rehabilitation, and use of supplemental oxygen were significantly associated with better HRQL. Self-perception of being disabled, Abbreviations: 6MWT = 6-minute walk test; BD = bronchodilator; Beck = Beck Depression Inventory; BMI = body mass index; Borg = Borg score for breathlessness, COPD = chronic obstructive pulmonary disease; CPET = cardiopulmonary exercise testing; DLCO = single-breath diffusing capacity of the lung for carbon monoxide; FEV 1 = forced expiratory volume in 1 second; GOLD = Global Initiative for Chronic Obstructive Lung Disease; HRQL = health-related quality of life; LVRS = lungvolume-reduction surgery; MCS = Mental Component Summary; MOS SF-36 = Medical Outcomes Study 36-Item Short Form; NETT = National Emphysema Treatment Trial; NIH = National Institutes of Health; PCS = Physical Component Summary; QWB-SA = Self-Administered Quality-of-Well-Being Scale; RV = residual volume; SGRQ-TS = St. George's Respiratory Questionnaire total score; TLC = total lung capacity; UCSD SOBQ = University of California, San Diego Shortness of Breath Questionnaire; VA = Department of Veterans Affairs. 
INTRODUCTION
Health-related quality of life (HRQL) is patientcentered and integrates the complex physiological and psychosocial effects of chronic obstructive pulmonary disease (COPD) on a person's life [1] . HRQL has been shown to predict healthcare resource utilization and mortality in COPD [2] [3] . Currently, the medical management of severe COPD emphasizes treating airflow obstruction with pharmacologic agents and treating exercise intolerance and dyspnea with pulmonary rehabilitation, with the ultimate goal of optimizing HRQL [4] . However, relationships among HRQL, exercise capacity, lung function, and dyspnea are complex. Persons who have similar reductions in forced expiratory volume in 1 second (FEV 1 ) and exercise capacity and similar levels of dyspnea have a wide range of HRQL, suggesting that other variables contribute to HRQL [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] .
The National Emphysema Treatment Trial (NETT) was a multicenter randomized clinical trial that compared outcomes of lung-volume-reduction surgery (LVRS) to medical therapy among patients with severe airflow obstruction [15] [16] [17] [18] . Now that it is completed, the NETT provides a large and comprehensive database of standardized assessments of HRQL, exercise capacity, lung function, dyspnea, psychosocial status, and demographic information in persons with Global Initiative for Chronic Obstructive Lung Disease (GOLD) stages III and IV COPD [4] . The NETT database provides the unique opportunity to examine the many physiological, psychosocial, demographic, and clinical variables that may affect HRQL in severe COPD.
Kaplan et al. previously examined univariate correlations between physiological measures and HRQL in baseline data of the 1,218 subjects randomized in the NETT [14] . They found that HRQL, as measured by the Medical Outcomes Study 36-Item Short Form (MOS SF-36) Physical Component Summary (PCS) and Mental Component Summary (MCS) scores, St. George's Respiratory Questionnaire total score (SGRQ-TS), and SelfAdministered Quality-of-Well-Being Scale (QWB-SA) total score, was significantly correlated with FEV 1 and 6-minute walk test (6MWT) distance. The simple correlations did not examine psychological, demographic, and clinical variables that may contribute to HRQL, and the authors did not "adjust for" multiple explanatory variables in the same model. In this article, we extend this analysis to model the complex nature of HRQL and identify its independent predictors. Unlike the previous analysis, we (1) considered psychosocial, demographic, and clinical variables in addition to the physiological variables; (2) used multivariate linear regression models; and (3) used data from 1,621 participants screened for the NETT. We hypothesized that when considered together with psychosocial, demographic, and clinical variables in multivariate models, FEV 1 , 6MWT distance, and dyspnea would have less impact on HRQL in severe COPD than in univariate models.
METHODS

Patient Selection
The inclusion criteria for the NETT [18] are reviewed briefly and include (1) age ≥40 years, (2) smoking history ≥10 pack-years, (3) postbronchodilator FEV 1 /forced vital capacity ratio <0.70, and (4) postbronchodilator FEV 1 percent predicted ≤40 percent. All patients provided written informed consent, and the study was approved by the institutional review board at each clinic participating in the NETT. Since the purpose of our investigation was to assess determinants of HRQL in COPD, we did not limit the analysis to persons who participated in the trial and included data from subjects screened for the NETT. Persons with a significant bronchodilator (BD) response, as evidenced by an increase in postbronchodilator FEV 1 of ≥200 mL, were excluded from participation in the NETT.
Therefore, subjects with the presence of BD reversibility were excluded from these retrospective analyses. Although persons with COPD and a BD response have been shown to have better HRQL as measured by the SGRQ-TS [19] , it is unlikely that the presence or absence of a BD response would influence our analyses. Subjects with missing HRQL scores were also excluded from these analyses. Our inclusion criteria were met by 1,657 subjects, and 36 of these subjects were further excluded because they were missing 4 of the variables of interest. For 302 subjects (missing 3 variables), missing values were imputed using the mean value (if normally distributed) or the mode value (if skewed) from the available data. Results of regression analyses were similar in imputed and unimputed data sets; we present the results from analyses of the imputed data set to maximize the ability to consider multivariate models. In summary, our analyses include data from 1,621 subjects-1,036 who were randomized in the NETT and 585 who did not meet eligibility criteria for randomization but for whom entry data were collected.
Health-Related Quality of Life
HRQL was assessed with the MOS SF-36, a general measure of health status that includes eight health concepts: physical functioning, role-physical, bodily pain, general health perceptions, vitality, social functioning, role-emotional, and mental health [20] . We used the PCS and MCS scores from the MOS SF-36. Higher scores indicate better health status. The SGRQ assessed respiratoryspecific HRQL [21] . The SGRQ is a standardized 50-item instrument that assesses symptoms, activity, and effects on daily life. The SGRQ-TS is calculated from the three component scores. We used SGRQ-TSs, with lower scores indicating better health status. In addition, we used the QWB-SA as another measure of general HRQL [22] . The QWB-SA combines preference-weighted values for symptoms and functioning.
Physiological Testing
Exercise capacity was assessed with the 6MWT, and we used maximal distance walked in these analyses [23] . Subjects underwent cardiopulmonary exercise testing (CPET) with cycle ergometry, supplemented with oxygen if needed, and we used maximum workload, measured in watts, in these analyses [15] . Pulmonary function was assessed with the postbronchodilator FEV 1 percent predicted, residual volume (RV)/total lung capacity (TLC) ratio, and the single-breath diffusing capacity of the lung for carbon monoxide (DLCO) percent predicted [15] .
Clinical Assessment
Data on demographics, medication use, and clinical history were available ( Table 1) . Subjects had been asked, "Are you currently disabled?" and "How often are you troubled by sleepiness in the daytime or during working hours?" Prior participation in a pulmonary rehabilitation program and alcohol use had been assessed by medical history. Dyspnea was quantified with the University of California, San Diego Shortness of Breath Questionnaire (UCSD SOBQ) [24] . We used the total score, with lower scores indicating less dyspnea. We also analyzed dyspnea scores assessed with the modified Borg score for breathlessness (Borg) at the completion of the 6MWT and CPET [25] . Depression assessment was made with the Beck Depression Inventory (Beck) [26] . The radiographic severity of emphysema was determined from high-resolution computed tomography scans of the chest [15] . Left ventricular ejection fraction was assessed by echocardiography, and the partial pressure of arterial carbon dioxide was assessed by arterial blood gas analysis.
Statistical Analysis
We assessed measures of exercise capacity, dyspnea, and lung function as the main candidate determinants of HRQL. In addition, covariates ( Table 1 ) that may affect HRQL were selected a priori based on our clinical experience caring for persons with severe COPD. All analyses were performed with the SAS statistical software package (version 9.1, SAS Institute, Inc; Cary, North Carolina). Since HRQL scores are continuous data, linear regression methods (PROC GLM) were used to assess the relationship of each independent variable of interest with PCS score, MCS score, and SGRQ-TS [27] . In univariate models, a single independent variable was assessed and the "unadjusted coefficient" indicates the impact of the independent variable on the HRQL outcome without other potential explanatory variables in the regression model. Independent variables, which were significant at the 0.10 level in the univariate analyses, were assessed together as a single block in multivariate regression models, and variables significant below the 0.05 level were retained in the multivariate models. Therefore, in the multivariate models, the terminology "adjusted coefficient" indicates the effect of each independent variable on HRQL in the context of (or adjusting for) all other independent variables. To check for collinearity, we assessed correlations between the continuous variables and HRQL with Pearson correlation coefficients. Model diagnostics revealed no outliers or influential points, and linear regression model assumptions were examined and satisfied. Residual plots were examined for goodness of fit.
RESULTS
The 1,621 subjects, 60 percent of whom were male, had a mean age of 66 ± 6 years (all data are presented as mean ± standard deviation unless otherwise noted) ( Table 1) . Subjects had severe airways obstruction with a mean post bronchodilator FEV 1 of 0.73 ± 0.22 L (26 ± 6% of predicted values). HRQL was reduced with mean PCS, MCS, and SGRQ-TS scores of 28 ± 7, 52 ± 10, and 57 ± 13, respectively. Exercise capacity was severely limited with a mean maximal distance walked on the 6MWT of 335 ± 98 m and a mean maximal workload achieved on cycle ergometry of 33 ± 20 W. Mean UCSD SOBQ total score was 66 ± 19. Lung function, dyspnea, psychosocial, demographic, and clinical variables are summarized in Table 1 . Twenty-two percent of the subjects had at least mild depression defined as a Beck total score ≥14, and seventeen percent reported antidepressant use. Daytime sleepiness was reported by 55 percent of subjects. Sixty-eight percent of subjects had self-perception of being disabled. Although all subjects had severely reduced FEV 1 , a wide range of PCS, MCS, and SGRQ-TS scores was found (Figure) .
Univariate Models
In univariate regression models, all measures of exercise capacity, dyspnea, and lung function were significant determinants of PCS score and SGRQ-TS ( Table 2) . FEV 1 percent predicted was not a significant determinant of MCS score, while all the other measures of exercise capacity, dyspnea, and lung function were significant determinants of MCS score. These results are similar to the previous relationships reported by Kaplan et al. in the persons randomized in the NETT [14] . UCSD SOBQ total score explained the greatest variance in HRQL, accounting for 22 percent of the variance in PCS score, 12 percent of the variance in MCS score, and 46 percent of the variance in SGRQ-TS. Age, oral corticosteroid use, alcohol use, self-report of being disabled, daytime sleepiness, antidepressant use, supplemental oxygen use, and Beck total score were significant determinants of all three measures of HRQL (Table 3) . Being underweight or obese, compared with those having a normal body mass index (BMI), was consistently associated with worse HRQL as measured by PCS, MCS, and SGRQ-TS ( Table 3) .
Collinearity between variables was assessed. Weak correlations were found among the continuous variables that were significant determinants of PCS, MCS, or SGRQ-TS in the univariate regression models and that were later considered in multivariate models. Pairs of variables with Pearson correlation coefficients ≥0.50 were 6MWT distance and maximal CPET workload (r = 0.57), RV/TLC and maximal CPET workload (r = -0.53), and RV/TLC and FEV 1 percent predicted (r = -0.50).
Multivariate Models
In multivariate regression models, 6MWT distance, self-report of being disabled, UCSD SOBQ total score, 6MWT Borg, age, and DLCO percent predicted were significant determinants of PCS score (model R 2 = 0.24) ( Table 4) . Beck total score, antidepressant use, UCSD SOBQ total score, education, and daytime sleepiness were significant determinants of MCS score (model R 2 = 0.35) ( Table 4 ). The determinants of PCS and MCS scores were essentially the same as those for SGRQ-TS, except that education contributed to MCS score, while race contributed to SGRQ-TS ( Table 4 ). In addition, prior participation in pulmonary rehabilitation and supplemental oxygen use were independently associated with better SGRQ-TS, while current corticosteroid use was independently associated with worse SGRQ-TS ( Table 4) . We also examined the performance of the significant determinants of PCS and MCS score in multivariate models using the QWB-SA total score as the outcome. Table 5 shows that all the determinants except age were significant or trended toward significance in determining the QWB-SA total score.
In multivariate models, FEV 1 percent predicted was not a significant determinant of PCS, MCS, or SGRQ-TS. Although 6MWT distance remained a significant determinant of PCS, MCS, and SGRQ-TS in multivariate models, its effect on HRQL decreased by a factor of ~10 compared with univariate models, as assessed by the change in value of the unadjusted to the adjusted regression coefficients (Tables 2 and 4) . Similarly, the effect of dyspnea, measured by the 6MWT Borg, on PCS and SGRQ-TS was reduced by at least a factor of three in the multivariate models compared with the univariate models. Based on the adjusted regression coefficients from the multivariate models (Table 4) , the effects of self-report of being disabled, prior participation in pulmonary rehabilitation, antidepressant use, daytime sleepiness, current oral corticosteroid use, and supplemental oxygen use on PCS score, MCS score, or SGRQ-TS were generally of similar magnitude or greater than the effects of mean 6MWT distance or Borg on PCS, MCS, or SGRQ-TS.
DISCUSSION
Persons with FEV 1 <40 percent predicted (GOLD stages III and IV COPD) and with limited exercise capacity have a wide range of HRQL scores, suggesting that other clinical variables contribute to HRQL. This is the first analysis, to our knowledge, to incorporate multiple psychological, demographic, and clinical variables along with physiological variables in multivariate models to identify the significant determinants of HRQL. Our results indicate that FEV 1 percent predicted is not an independent determinant of HRQL in severe COPD but measures of exercise capacity and dyspnea are strongly and independently associated with HRQL.
The finding that exercise capacity and dyspnea are independent determinants of HRQL confirms prior observations; however, our analyses are the first to include them with psychosocial, demographic, and clinical variables in the same multivariate models that adjust for the effects of other factors. Our multivariate models demonstrate that the absolute effects of 6MWT distance and Borg on HRQL are reduced compared with their effects in the univariate models.
We identified other less well-recognized clinical and psychosocial parameters that independently contribute to HRQL. Given that the effects of these parameters on unit change in HRQL are of similar magnitude or greater (higher absolute values of adjusted regression coefficients) than the effects of FEV 1 , 6MWT distance, or dyspnea on HRQL, our results suggest that these variables also deserve attention in optimizing therapies that might lead to an improvement in HRQL in patients with severe COPD. For example, depression is an independent determinant of HRQL. We found that 22 percent of the subjects had at least mild depression, defined as a Beck total score ≥14, and 17 percent reported antidepressant use. Daytime sleepiness, reported by 55 percent of subjects, was also significantly associated with HRQL. Self-perception of being disabled was significantly associated with worse HRQL. Prior participation in pulmonary rehabilitation, supplemental oxygen use, and use of oral corticosteroids were significant determinants of HRQL as assessed by SGRQ-TS. These data also show that BMI is associated with HRQL. Low BMI, a marker for the systemic manifestations of COPD, has been previously shown to have weak, independent predictive ability for increased mortality in COPD [28] . The current result is the first to demonstrate that being obese versus having normal BMI is associated with worse HRQL in severe COPD. adjusted coefficients are low ( Table 4) . For example, a change in 6MWT distance of 238 m results in a 1-point change in PCS score when adjusting for the other explanatory variables in the model. However, we found that small changes in PCS and MCS scores were clinically meaningful and were associated with differences in healthcare resource utilization. Patients who reported that they had not had a doctor's office visit, emergency room visit, or hospitalization in the 3 months prior to NETT entry had average PCS or MCS scores that were 1.1 to 3.1 points higher than those of patients who reported having had at least one use of medical resources. Similarly, the multivariate model for SGRQ-TS shows that a change of 167 m in 6MWT distance results in a 1-point change in SGRQ-TS when adjusting for the other explanatory variables in the model (Table 4) . Again, we found that small changes in SGRQ-TS were associated with differences in healthcare resource utilization. Subjects who reported that they had not had a doctor's office visit, emergency room visit, or hospitalization in the 3 months prior to NETT entry had mean SGRQ-TSs 3.0 to 5.1 points lower than those of patients who had reported at least one use of medical resources, which is consistent with the 4-point change in SGRQ-TS that is reported in the literature as a clinically significant change [29] .
Several associations deserve discussion, and we speculate as to the mechanisms to explain these associations. We acknowledge that these cross-sectional analyses offer no insight into the causal mechanisms. For example, greater age was independently associated with better HRQL, assessed by both the MOS SF-36 and the SGRQ-TS. These results suggest that subjects may adapt to their disability and limitations with age. Conversely, better HRQL in older subjects in this cohort willing to consider LVRS may have resulted from a survivor effect if worse HRQL in younger subjects was a marker for greater mortality. Supplemental oxygen use was independently associated with better SGRQ-TS, while oral corticosteroid use was associated with worse SGRQ-TS. These results suggest that the many side effects of oral corticosteroid use may outweigh its beneficial effects as a COPD therapy with respect to its final impact on SGRQ-TS.
The models also show that higher DLCO percent predicted is independently associated with worse HRQL, assessed by both the PCS and SGRQ-TS-a result that is physiologically difficult to explain. Plots of the relationship between DLCO and PCS and SGRQ-TS show that very small changes in HRQL exist across the ranges of DLCO seen in this cohort, suggesting that the negative coefficient reflects an unstable estimate. Statistical check of collinearity did not reveal high correlations between DLCO percent predicted and the other continuous variables, making it unlikely that the effect of DLCO percent predicted on PCS and SGRQ-TS is being altered by the other covariates.
That the independent determinants of PCS score and MCS score were the same as those for SGRQ-TS offers evidence for the validity of the models. This evidence is further supported by the finding that pulmonary-specific variables such as prior participation in pulmonary rehabilitation, supplemental oxygen use, and oral corticosteroid use were independent determinants of respiratory diseasespecific HRQL measured by the SGRQ-TS but not of general health status measured by the MOS SF-36. The validity of our model is further supported by the performance of the same variables in independently determining HRQL measured by the QWB-SA. Our cross-sectional results demonstrate that, in addition to exercise capacity and dyspnea, level of depression, daytime sleepiness, oxygen use, pulmonary rehabilitation, oral corticosteroid use, and BMI are important factors that determine HRQL at a particular point in time for a given individual patient and these factors should be routinely assessed in the clinical setting. It is interesting that despite the comprehensive assessment of physiological, psychosocial, clinical, and demographic status, only 24 to 55 percent of the variance in HRQL was explained by these models. We speculate that other clinical factors not assessed in the NETT, such as cumulative free-living physical activity, may be important determinants of HRQL in COPD. Further study of such factors among persons with all severities of COPD is warranted.
CONCLUSIONS
Although FEV 1 , 6MWT distance, and dyspnea are significantly correlated with HRQL in univariate analyses, their effects on HRQL are reduced when considered with other physiological, psychosocial, and clinical variables in multivariate models. Greater exercise capacity, prior participation in pulmonary rehabilitation, and use of supplemental oxygen are significantly associated with a better HRQL. Self-perception of being disabled, depression, dyspnea, oral corticosteroid use, and daytime sleepiness are associated with a worse HRQL. These results suggest that in order to optimize HRQL in subjects with severe COPD, clinicians should pay attention to a number of physiological, psychosocial, and clinical variables.
